Sleep disturbance is prominent in many neuropsychiatric disorders and may precipitate or exacerbate a range of psychiatric conditions. Few studies have investigated sleep disordered breathing and in particular obstructive sleep apnoea in community psychiatric patients and the commonly used screening instruments have not been evaluated in patients with psychiatric disorders. The objective is to evaluate the prevalence of sleep disordered breathing in a community cohort with chronic mental illness on long term psychotropic medication, and to assess the effectiveness of commonly used screening instruments to detect abnormal sleep.
Introduction
Sleep disturbance is prominent in many neuropsychiatric disorders and disturbed sleep is found in 30-80% of patients with schizophrenia and 90% of those with major affective disorders 1 . Poor subjective sleep quality is associated with reduced quality of life 2 .
Traditionally sleep disturbance is regarded as secondary to the mental illness but there is growing evidence that primary sleep disorders such as obstructive sleep apnoea can trigger or exacerbate a range of psychiatric conditions. Sleep disordered breathing is common and is caused by pauses in breathing (apnoea) or abnormally shallow breathing (hypopnoea). Obstructive sleep apnoea (OSA) is seen with snoring and is estimated to affect 4% of men and 2% of women aged 30-60 3 . The consequences are disrupted night sleep and subsequent daytime sleepiness, there is an effective treatment for many symptomatic patients with the use of continuous positive airway pressure. The current diagnostic criteria require overnight oximetry showing > 5 apnoeas per hour of sleep in association with either daytime sleepiness, fatigue, insomnia, nocturnal choking or reported loud snoring. In the absence of reported symptoms it can be diagnosed with > 15 apnoeas per hour (American Academy of Sleep Medicine, ICSD 2005). Patients with OSA have impaired cognition and an increased incidence of depression which improves following treatment 4 . There is a strong association with obesity and increasing evidence for an association with metabolic syndrome. Sleep disturbance in psychiatric populations may be due to the psychiatric illness, psychotropic medication or the result of a primary sleep disorder. The prevalence of sleep apnoea in the psychiatric population in the community has been studied with conflicting results [5] [6] [7] .
There is an increased prevalence of metabolic syndrome in those with chronic mental illness and a recent cross sectional study has reported the occurrence of metabolic syndrome in 33% of those with chronic mental illness on long term antipsychotic medication 8 . There is accumulating evidence of an association between metabolic syndrome and obstructive sleep apnoea 9 . Whether metabolic syndrome is independently associated with obstructive sleep apnoea remains controversial and the association with insulin resistance has been studied with conflicting results 10 . There have been no cross sectional or prospective studies of psychiatric patients with metabolic syndrome to assess the prevalence of OSA. Previous in patient studies have shown that obese patients with chronic psychiatric morbidity have high rates of OSA 11 . Occasional case reports have identified patients whose psychiatric symptoms improved with treatment of their OSA 12 .
Several sleep questionnaires are used as clinical and research tools to screen for sleep disorders but their validity has not been established in patients with psychiatric disorders. Two of the commonest self report questionnaires of daytime sleepiness and sleep quality respectively are the Epworth Sleepiness Score 13 and the Pittsburgh Sleep Quality Index 14 but they have not been validated in patients with chronic mental health problems. Therefore there is little evidence at present for the best method of assessing those at risk of sleep apnoea within this population.
In this pilot study, we screened for sleep apnoea in community psychiatric patients. We investigated the relationship between abnormal sleep and metabolic features, and assessed the sensitivity and specificity of commonly used screening instruments for detecting sleep apnoea in this population.
Methods
A cohort of patients within the North East of England has been identified and recruited from secondary care community psychiatric services. This cohort has been studied longitudinally at baseline, 18 months and 3 years and has undergone detailed metabolic assessments to determine the presence or absence of the metabolic syndrome. 52 (57%) of the original 90 patients from this longitudinal cohort agreed to participate in this study. All patients were assessed between December 2008 and January 2010.
The only inclusion criteria were that patients were treated within the community and had an established mental illness. Exclusion criteria were as follows: patients who were already being treated for a known primary sleep disorder, patients with an eating disorder and/or patients with established end-stage major organ disease.
All patients completed an Epworth Sleepiness Score (ESS) questionnaire and the Pittsburgh Sleep Questionnaire Inventory (PSQI). The ESS has been validated as a screening questionnaire for obstructive sleep apnoea in the general population 13 . Demographic da ta, neck circumference, body mass index (BMI), blood pressure and current medications were recorded. A single overnight domiciliary partial polysomnographic assessment was performed with the Embletta X10 portable digital recorder 15 . Respiratory effort was detected with chest and abdominal bands measuring inductance, airflow was detected with nasal cannulae measuring pressure as well as the presence of snoring, and oxygen saturation of arterial blood was also measured in order to detect sleep apnoea syndrome. Heart rate was measured and an accelerometer recorded body position. All respiratory events were scored according to standard criteria of the American Association of Sleep Medicine 16 . The apnoea hypopnoea index (AHI) and oxygen desaturation index (ODI) were derived. The apnoea hypopnoea index is the number of apnoeas or hypopnoeas in an hour and the oxygen desaturation index is the number of times the oxygen level drops > 4% of the baseline saturation in an hour. An AHI of > 5 /hr was considered abnormal and indicative of sleep apnoea. Severity was further defined as mild (AHI 5-15), moderate (AHI 15 -30) or severe (AHI >30). Those with the obstructive sleep apnoea syndrome were defined as per the 2005 AASM criteria.
All patients gave their fully informed consent to participate in this study which was approved by the local Research Ethics Committee.
Data analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS) for Windows, version 17.0. Comparisons between groups were made using χ 2 and Student's t-test, as appropriate. Bivariate correlation analysis was used to investigate the association between the apnoea-hypopnoea and oxygen desaturation indices and the continuous variables age, weight, BMI, neck circumference, blood pressure, % of BNF maximum dose of antipsychotic drug, total number of psychotropic drugs and ESS and PSQI scores. The sensitivity and specificity of the ESS and PSQI questionnaires for detecting sleep disordered breathing were calculated. Linear and binary logistic regression analyses were performed to identify independent predictors of AHI and AHI >5, respectively. All reported p values are 2 tailed. Statistical significance was defined as p<0.05.
Results

Demographic data
52 patients (female = 22; male = 30) underwent metabolic assessment, sleep questionnaires and overnight sleep studies. Two patients failed to tolerate the overnight sleep study, so data analysis was undertaken on the 50 remaining patients. The demographic data, diagnostic distribution and medication of the 52 patients studied are shown in table 1. The majority had an elevated BMI with 44 (84%) > 25 kg/m 2 ; 29 patients (56%) were classified as obese with a BMI 30 -39 kg/m 2 and 2 (4%) were morbidly obese with BMI > 40 kg/m 2 . 22 patients (42%) were hypertensive at baseline assessment. Many of the patients studied either lived or slept alone so a witness history to corroborate the presence or absence of snoring or apnoeas could not be obtained. Sleep questionnaire data 52 patients (100%) completed the ESS, and scores ranged between 0 and 24. The mean ESS was 5.6 (SD ± 5.04). The majority (n = 44; 85%) had scores within the normal range of < 10. Fifty patients (male = 28, female = 22) completed the PSQI with 28 (56%) having subjective sleep disturbance with an abnormally elevated score > 5. The mean PSQI was 6.5 (s.d. 3.5). Severe sleep disturbance (PSQI >10) was reported by 7 (13%) patients. Bivariate correlation analysis revealed a significant correlation between ESS and PSQI global scores (r = 0.38, p = 0.007). The mean PSQI score was statistically significantly higher in those individuals with an abnormal (>5) ESS (9.4, s.d. 
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Sleep study data
Sleep disordered breathing defined as an AHI > 5 events per hour was present in 26 (52%) patients (32% mild, 14% moderate and 6% severe); see table 2. Oxygen desaturation index (ODI) was available in 49 patients and 12 (23.1%) patients had an ODI of > 5/hr (males = 37%, females = 9%; χ 2 = 5.1, df 1, p = 0.02). A higher percentage of men (60.7%) had SDB compared to women (36.4%), although this difference did not reach statistical significance (χ 2 = 2.9, df 1, p = 0.08); no women had severe sleep apnoea. The nasal flow was used to determine the presence or absence of snoring and 30 (60%) patients snored during the sleep study although the percentage of time spent snoring was highly variable between patients. Respiratory events were further classified as obstructive or central apnoeas. Only 3 (6%) patients had central apnoeas > 5 per hour; the majority of events were obstructive. A number of variables were assessed to see if any risk factors for sleep apnoea could be identified within the cohort (see table 3 ). AHI correlated significantly with age and neck circumference. There was a statistically significant negative correlation between AHI and % of BNF maximum dose of antipsychotic drug, i.e. higher doses of antipsychotic predicted a lower AHI score. The re was a significant interaction between ODI and age, weight, BMI, neck circumference and systolic blood pressure. In keeping with the observation regarding dose of antipsychotic drug and AHI, there was a statistical trend towards a negative relationship between antipsychotic dose and ODI.
Many patients described unrefreshing night sleep or daytime fatigue but there was no significant interaction between AHI and ESS or global PSQI score (see figure 1) . Therefore an abnormal ESS or PSQI score did not predict sleep disordered breathing. Only one patient with an AHI > 15 had an abnormally elevated ESS. Similarly, mean ESS scores were not significantly different between those with normal or mild SDB vs those with moderatesevere SDB (5.4 ± 5.5 vs 6.7 ± 2.8, t = -0.71, df 48, p = 0.48). ESS had a sensitivity of 0.17 (95% CI, 0.065-036) and a specificity of 0.81 (95% CI, 0.57-0.94) for predicting sleep disordered breathing; PSQI had a sensitivity of 0.55 (95% CI, 036-0.73) and a specificity of 0.37 (95% CI, 0.17-0.61) for predicting sleep disordered breathing. 
Discussion
Poor sleep quality correlates inversely with quality of life in psychiatric populations even after correcting for adverse drug effects 17, 18 . The true incidence of sleep apnoea and in particular the obstructive sleep apnoea syndrome in those with long term mental health problems maintained on psychotropic medication is unclear with few systematic studies of community cohorts. Obstructive sleep apnoea is treatable and the treatment has been shown to improve overnight sleep quality but also quality of life and cognition in the general population 4 .
In this study of community based psychiatric patients we screened for sleep apnoea with a domiciliary partial polysomnography study and also recorded subjective patient-reported symptoms of sleep disturbance using 92 KIRSTIE N. ANDERSON ET AL. the ESS and PSQI. 52% of patients had an AHI of > 5 and 20% had obstructive sleep apnoea syndrome as defined by an AHI > 15/hr; this prevalence is above that of the background general population. Many large cohort studies have estimated the prevalence of sleep disordered breathing in the normal population and OSA affects 2-4% of middle aged adults with men affected more than women in all studies. 9-15% of those between 30 and 60 have an AHI of > 5/hr 3, 4 .
Abnormal ESS > 10 or PSQI > 5 did not correlate with a raised AHI although many patients described poor quality sleep. This suggests that these commonly used subjective screening questionnaires may not be useful in this population to detect sleep apnoea although the sample size was small and this would have to be explored further in a larger cohort. More males had sleep apnoea and increasing age and BMI were associated with a higher risk of sleep apnoea, which is similar to findings from other studies.
Previous studies of sleep disturbance in psychiatric disorders demonstrated disrupted sleep architecture but did not look for the presence or absence of sleep apnoea 1, [19] [20] [21] . Psychotropic medications improve sleep architecture but more recent studies reflect the growing awareness of the negative impact of psychotropic medication on weight gain and their association with metabolic syndrome 22 . Increased body mass index is strongly associated with sleep apnoea in the non-psychiatric population 3, 4 . Little has been published on the relationship between sleep apnoea and antipsychotic medication but two case reports exist describing the development of sleep apnoea after initiation of an antipsychotic 11, 23 .
There are high rates of depressive symptoms in patients with OSA which improve with OSA treatment 24 . There is also evidence for increased rates of OSA in patients with major depressive disorder with a single overnight home sleep study in 19 patients compared to 15 controls showing increased rates of sleep disordered breathing 25 . These patients were selected without screening for any symptoms of OSA. A more recent study looked at 51 individuals already enrolled in a study of comorbid depression and insomnia with an overnight sleep study and found that 39% met criteria for OSA, using an AHI cut-off of 15/hr. Those with OSA were more likely to be male and have a higher body mass index 26 . Psychiatric comorbidity in OSA patients was examined in a large retrospective chart review of > 100,000 OSA patients. A significantly higher prevalence of psychiatric disorders was found in this group compared to the non-OSA population 11 . Within patients referred to a sleep clinic from an inpatient psychiatric hospital who underwent polysomnography, obesity, increasing age, chronic neuroleptic use and male gender were found to be risk factors for sleep apnoea 27 . The author concluded that overweight psychiatric patients and those on chronic neuroleptic treatment should be evaluated for sleep apnoea if signs and symptoms of this disorder are present.
In schizophrenia patients, two studies found no differences in sleep disordered breathing between patient and normal controls 5, 28 , however it should be noted that the BMI of patients with schizophrenia was similar to the control subjects in both studies which may cast doubt on how representative these samples were. In contrast an older population (mean age 59 years) studied by Ancoli-Israel 6 showed that 48% of the population had an AHI of > 10 events per hour. The most recent study to look at sleep apnoea in psychiatric outpatients showed that 9.7% of their population reported a diagnosis of sleep apnoea although sleep studies were not performed 7 .
One limitation of a number of previous studies is the selection of in-patient populations or those already referred to sleep services. There have been few studies that have screened community populations. Common daytime symptoms of sleep apnoea may be misattributed to the patients' negative symptoms or side effects of psychotropic medication 27 . Additionally many psychiatric patients may not have a bed partner to reliably report snoring or the presence of apnoeas.
Most of our patients had a mixed or predominantly obstructive pattern suggesting that adiposity and weight gain may be the biggest risk factors as in the non-psychiatric population. Sedative medications can cause central sleep apnoeas (pauses in breathing that are not associated with snoring) but only a small percentage of our patients had central apnoeas. There was also no significant interaction between the total number of psychotropic drugs and AHI, suggesting that pharmacological treatment is not mediating the development of central apnoea in this population. The numbers in our study may have been too small to show any significant association as the majority of patients had obstructive sleep apnoea.
With regard to the current study, there are several methodological limitations. The design did not allow for comparisons between drug-naïve patients and those established on psychotropic medication, and we are therefore unable to establish the impact of psychotropic medication on the sleep parameters investigated in this study. The sample size did not differentiate between different psychiatric diagnoses, so we are unable to identify psychiatric diagnostic sub-groups at higher risk of OSA. The lack of a control group prevents any comparison with the background population, although rates of OSA in the background population have been studied in many countries and yielded generally consistent results. Finally, a limited domiciliary sleep study was performed to improve patient compliance but there is no data available relating to sleep architecture or the presence of other sleep disorders such as restless legs syndrome.
In summary, these findings suggest that sleep disordered breathing and OSA is common in community psychiatric patients. The rates were higher than those expected within the background population. The well-established increased prevalence of obesity may be responsible for the relatively high prevalence of sleep apnoea in this population. Increasing age, male gender and elevated BMI were independent risk factors for sleep apnoea in this population, and this group should be particularly monitored for symptoms suggestive of a sleep disorder. The standard questionnaire screening tools for assessment in the clinic may not be suitable for this population. Given that OSA represents a potentially treatable cause of symptoms that can contribute to daytime sleepiness and impaired quality of life, further larger scale prospective studies are needed to investigate the prevalence of obstructive sleep apnoea syndrome and response to treatment.
